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ABSTRACT 
  Readiness measurement frameworks have been used in different sectors of industry 
for many years. Many companies described them as essential when considering 
product development processes. Unfortunately, most of these frameworks cannot be 
directly applied in research centre environment for two reasons:  too complicated, and 
not relevant to research FHQWUHV¶QDWXUHRIZRUN*RYHDQG Uzdzinski, 2013; Lind et 
al., 2013; Mankinsab, 2009). In addition, innovation providers have to consider global 
megatrends and the way they influence the community especially the manufacturing 
sector. For example, an increasing demand for customised nano- and macro- 
technologies has been observed and this trend has created a great impact on 
technological innovations and directions that research projects will follow in the 
coming years. This study focuses on manufacturing sector as this sector is mostly 
affected by the megatrends (Hajkowicz, 2015; Korn Ferry Hay Group, 2016; Ernest & 
Young, 2015). As existing industrial frameworks are not applicable at research 
centres, there is a need for developing new framework that would help not only with 
monitoring technology development processes, but also with decision-making 
processes. In fact, the majority of research centres in the UK often use road-mapping 
to evaluate and decide what would be their next actions. However, road-mapping was 
sometimes described as unreliable and hard to validate (Kostoff & Schaller, 2001). 
Anew framework would therefore be a better alternative. Preliminary studies 
suggested that there is a need for a new research centre-oriented framework, hence 
called technology maturity (Dombrowski et al., 2016; Gove & Uzdzinski, 2013). 
Moreover, given the importance of megatrends to the manufacturing sector, 
technology maturity, is found crucial when developing new technological solutions 
and considering so-FDOOHG µYDOOH\ RI GHDWK¶ LH WKH WUDQVLWLRQ IURP WKH LQQRYDWLRQ
stage to the competitive manufacturing stage. Therefore, the main goal of this paper is 
to develop a conceptual maturity framework and support research centres to enter 
,QGXVWU\E\RYHUFRPLQJVRPHRIWKHPRGHUQHQJLQHHULQJLVVXHVVXFKDVµYDOOH\RI
GHDWK¶ 
 
 
KEYWORDS: Technology management; Technology readiness; Technology 
maturity; Technology readiness levels; Technology maturity framework; Innovation 
management; Research Centre; Manufacturing; Product development; 
 
2 
 
ABBREVIATIONS 
AFRC: Advanced Forming Research Centre; FOM: figure of merit; HVM: High 
Value Manufacturing; IMRL: Innovative Manufacturing Readiness Level; IP: 
intellectual property; MCRL: Manufacturing Capability Readiness Level; MRL: 
Manufacturing Readiness Level; NASA: National Aeronautics and Space 
Administration; R&D: Research and development; SME: Small and Medium-Sized 
Enterprises; TRA: technology readiness assessment; TRL: technology readiness level;  
 
INTRODUCTION  
  Technology Readiness Levels (TRLs) have been used in various sectors for many 
years. The first definition of TRLs was proposed by NASA researcher ± Mr Stan 
6DGLQZKRGHYHORSHG WKHP³DVSDUWRI WKH HIIRUW WRGHYHORS D µV\VWHPV-technology 
PRGHO¶ IRU WKH$JHQF\´ 0DQNLQV7KHRULJLQDO VFDOHFRQWDLQHGVHYHQ OHYHOV
and was later changed into a nine-OHYHOVFDOH0DLGHVFULEHG75/VDV³DW\SH
of measurement system used to assess the maturity level of a particular technology. 
Each technology project is evaluated against the parameters for each technology level 
DQGLVWKHQDVVLJQHGD75/UDWLQJEDVHGRQWKHSURMHFWVSURJUHVV´        
The aim of this paper is to answer the question: should research centres be assessed 
by technology readiness? Should there be another type of assessment, such as 
technology maturity level, that   is more applicable to research centres? 
In order to answer the above question, this paper is structured as follows:  
x Section 1: What are Technology Readiness Levels   
x Section 2: What is Technology Readiness and Technology Maturity  
x Section 3: Existing Methods of Determining Technology Readiness Levels 
x Section 4: Aspects Needing Research Attention 
x Section 5: Process of Gathering Data 
x Section 6: Analysis 
x Section 7: Results 
x Section 8: Discussion 
x Section 9: Conclusions 
 
WHAT ARE TECHNOLOGY READINESS LEVELS?  
  Technology Readiness Levels (TRLs) first originated from NASA, and they were 
GHVFULEHG DV D ³PHDVXUHPHQW V\VWHP WKDW DLPV WR DVVHVV WKH maturity level of a 
SDUWLFXODU WHFKQRORJ\´ $OWXQRN 	 &DNPDN  RU DV ³D GLVFLSOLQH-independent, 
programmatic figure of merit (FOM) to allow more effective assessment of, and 
communication regarding the maturity of new technologies (Mankins, 2009). It means 
that, when a technology is being developed, every stage of the development process 
could be classified as a specific TRL. (Mai, 2012) reported that there are nine TRLs, 
as presented in Table 1.  
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Table 1: TRLs and their definitions, (Mai, 2012) 
 
 
Many different versions of modern readiness levels were derived from the original 
TRLs introduced by NASA, e.g. TRLs calculator software for Turkish defence 
industry (Altunok and Cakmak, 2010), Manufacturing Capability Readiness Levels 
(MCRLs) used by Rolls-Royce (House of Commons, 2013), TRLs used in the 
Department of Defence (US) (DoD) (Brown, 2010), System Readiness Levels (SRLs) 
(Sauser et al., 2006), Innovative manufacturing readiness levels (IMRLs) (Islam, 
2010). That is why these TRLs are now considered as a starting point of new TRL-
based methods. 
A visual representation of TRL scale is shown in Figure 1 which makes it easier to 
communicate to investors/clients what stage of development process technology has 
reached, and how many (and what kind of) stages it still has to go through, and what 
LVWKHIRFXVRIHDFKRIWKHVWDJHV6SHFLILFDOO\75/PHDQVWKDW³VFLHQWLILFUHVHDUFK
is beginning and those results are being translated into future research and 
GHYHORSPHQW´DQG75/ LV³DWHFKQRORJ\WKDWKDVEHHQSURYHQGXULQJDVXFFHVVIXO
PLVVLRQ´0DL 
 
 
Figure 1: Technology Readiness Levels, (Florida Atlantic University, 2013) 
 
The TRL scale is regarded as an effective tool to help drive a successful deployment 
of technological, as well as manufacturing, systems (Islam, 2010). This tool is 
especially important when considering product design where teams must plan ahead 
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and know how much time (as well as what resources) it would take to advance to a 
certain level of TRL. Moreover, it would also influence the financial site of a process 
as clients need to evaluate how big the investment could be, or what the impact of a 
technology would be.  
)XUWKHUPRUH ³DV D UHVXOW RI FXUUHQW WUHQG WRZDUGVSURGXFWPLQLDWXULVDWLRQV SURGXFW
designers and technology managers demand for a comprehensive classification of 
micro- and nano-PDQXIDFWXULQJ WHFKQRORJLHV´ ,VODP  $QG VR ³75/V KDYH
proved to be highly effective in communicating the status of new technologies among 
sometimes diversH RUJDQLVDWLRQV´ (Mankins, 2009), but also in providing deeper 
XQGHUVWDQGLQJ³RIWKHUHODWLYHPDWXULW\DQGDWWHQGDQWXQFHUWDLQWLHVDQGULVNV´,VODP
2010). Hence, the readiness assessment has a crucial role ³within the systems 
engineering decision making SURFHVV´7HWOD\	-RKQ 
What is more, by visually presenting the process, it is also possible to highlight which 
levels could be particularly difficult. By using TRLs it is possible to identify where 
µYDOOH\RIGHDWK¶XVXDOO\RFFXUVDQGZKDW should be done to overcome it. Therefore, 
TRLs help to prepare for next stages of development process and to validate if all the 
up-to-date tests have performed properly. It also helps to address potential risks and 
find alternative solutions (if needed).  
Especially industrial companies have described TRLs as extremely useful or even 
significant when assessing development of technologies. However, research centres 
KDYHQRWEHHQVRµHQWKXVLDVWLF¶DERXW WKHXVHRI WKHVFDOH%DVHGRQ WKHSUHOLPLQDU\
interviews and observations, research centre representatives agreed that industrial 
frameworks are often too complex and consume too much time. Unfortunately, none 
of the reviewed literature sources supports that view point. Due to the evidence from 
literature, the hySRWKHVLV LV SURSRVHG µUHDGLQHVV¶ LV QRW DV LPSRUWDQW WR UHVHDUFK
centres, as it is to industrial companies, so there could be another aspect that is more 
LPSRUWDQW DQG XVHIXO WR LQQRYDWLRQ SURYLGHUV LH µPDWXULW\¶ RI WHFKQRORJ\
Superficially this position is easy to accept given companies typically commit projects 
to customers and markets and therefore have a strong vested interest in the readiness 
of underpinning technologies.  Research centres on the other hand are at least one step 
removed from this customer process and are both less likely to feel the immediate 
pressure to deliver, and have a much stronger interest in generic capability. 
 
WHAT IS TECHNOLOGY READINESS AND TECHNOLOGY MATURITY?  
  In addition, the difference between technology readiness and technology maturity 
ZLOOEHGHILQHGLQWKLVSDSHU,QWHUYLHZVZLWKUHVHDUFKFHQWUHV¶UHSUHVHQWDWLYHVZLOOEH
used in order to examine what is more significant for innovation providers and their 
work: maturity or readiness. By consolidating literature VRXUFHV DQG LQWHUYLHZV¶
outcomes, features of a new conceptual framework will be proposed. 
$V ³UHDGLQHVV´ DQG ³PDWXULW\´ PHDQ GLIIHUHQW WKLQJs to research centres, it is 
important to differentiate among these two terms which are not well-covered in the 
current literature. Therefore, this section aims to answer the following questions: what 
LVPHDQWE\WKHFRQFHSWRIµUHDGLQHVV¶DQGµPDWXULW\¶"'RWKRVHWHUPVPHDQWKHVDPH
thing? Could they be used as substitutes? A quick answer is that they are not the 
sameHYHQWKRXJKµPDWXULW\¶FRXOGEHNQRZQDVWKHSUHUHTXLVLWHRIµUHDGLQHVV¶LHD
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WHFKQRORJ\KDVWREHµPDWXUHG¶EHIRUHLWLVµUHDG\¶WREHDSSOLHG6RµUHDGLQHVV¶FDQ
be defined as follows: 
x ³5HDGLQHVV UHIHUV WR WLPH 6SHFLILFDOO\ LW PHDQV UHDG\ IRU RSHUations at the 
SUHVHQWWLPH´1XFOHDU'HFRPPLVVLRQLQJ$XWKRULW\RU 
x ³5HDGLQHVV LQ WKH VLWXDWLRQ RI D VRIWZDUH HQYLURQPHQW \HW HTXDOO\ WUXH IRU
hardware), to be a measure of the suitability of a product for use within a 
ODUJHU V\VWHP ³LQ D SDUWLFXODU FRQWH[W´ LH ZLWK UHVSHFW WR VSHFLILF
requirements. Depending on its application, a product deemed to be mature 
PD\SRVVHVVGLIIHUHQWGHJUHHVRIUHDGLQHVV´6HDEORP	/HPPHUPDQ 
 
)XUWKHUPRUHµPDWXULW\¶LVGHVFULEHG as follows: 
x ³0DWXULW\LVWKHrefore regarded as a part of readiness (...), the system must first 
EHIXOO\µPDWXUH¶EHIRUHLWFDQEHµUHDG\¶IRUXVH´7HWOD\	-RKQ 
x ³0DWXULW\ LV WKH YHULILFDWLRQ ZLWKLQ DQ LWHUDWLYH SURFHVV RI WKH V\VWHP
GHYHORSPHQW OLIHF\FOH DQG RFFXUV EHIRUH « UHDGLQHVV´ 7HWOD\ 	 -RKQ
2009). 
 
Both ideas could be characterised as context-specific. For that reason, both 
µUHDGLQHVV¶ DQG µPDWXULW\¶ ZRXOG EH validated according to initial requirements. 
7KHUHIRUHLWFRXOGEHDVVXPHGWKDWµUHDGLQHVV¶LVEDVHGRQ user requirements, and will 
be validated based on those requirements. +HQFHRQFHWHFKQRORJ\LVµUHDG\¶LWPHDQV
that it achieved those requirements. Thus, it should ³answer the question did you build 
the right thing"´7HWOD\	-RKQ 
At the same WLPH µPDWXULW\¶ ZRXOG EH PHDVXUHG DJDLQVW WHFKQLFDO VSHFLILFDWLRQV
which often come before user requirements. Therefore, if technical requirements are 
fulfilled, it could be stated that a certain level of maturity was reached. Hence, ³LW
answers the question did you build it right"´7HWOD\	-RKQ 
,QVKRUWDPDWXUHGWHFKQRORJ\PD\QRWEHµUHDG\¶IRUXVHLILWGRHVQRWKDYHIHDWXUHV
UHTXLUHGE\FOLHQWV$QGWKDWLVZK\µPDWXULW\¶DOZD\VFRPHVEHIRUHµUHDGLQHVV¶DQG
LW LV DOVR D UHDVRQ ZK\ µPDWXULW\¶ LV RU VKRXOG EH PRUH LPSRUWDQW WR LQQRYDWLRQ
SURYLGHUVWKHQµUHDGLQHVV¶DVLQQRYDWLYHWHFKQRORJ\LVQRWDOZD\VGHYHORSHGWRPHHW
certain user requirements. 
 
EXISTING METHODS OF DETERMINING TECHNOLOGY READINESS 
LEVELS 
  Different versions of TRL-based frameworks (based on the original NASA TRL 
scale) have been developed and applied in various industry sectors to meet certain 
user requirements. Especially in the manufacturing sector, research centres often need 
to work with companies that use those TRL-based frameworks, so it is useful to 
understand the four mostly used frameworks by industry. Table 2 presents a short 
summary of four frameworks: TRLs, MRL (Manufacturing Readiness Levels), 
MCRLs (Manufacturing Capability Readiness Levels) and IMRLs (Innovation 
Manufacturing Readiness Levels). By putting them all together it is possible to see 
their key advantages, disadvantages and also where those frameworks can be used. 
Frameworks included in Table 2 are based on original TRLs developed by NASA, 
and because of that they would have common drawbacks.   
Based on the information provided by literature it was possible to find out what are 
common benefits (between those four frameworks), but also common drawbacks. The 
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most common advantage was the usage of a framework when discussing development 
with clients, i.e. framework is often used as a common language that helps to 
understand at what stage technology currently is.  Also it helps to understand what 
will be next step (after current stage is completed). The drawbacks are described in 
next section.  
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Table 2: Different versions of TRL-based frameworks 
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ASPECTS NEEDING RESEARCH ATTENTION 
  This section describes seven issues related to existing TRL-based methods. Based on 
literature ((Hicks et al., 2009), (Sauser, et al., 2006), (Olechowski et al., 2015), 
(Islam, 2010), (Tetlay & John, 2009), (Mankinsab, 2009), etc.) similar problems have 
been noticed in different frameworks (as presented in Table 2). By using information 
from previous section, it was possible to point out certain shortcomings of existing 
frameworks.  
 
Complexity & Time Consuming Issues of TRL-based framework  
Usually there is a very high level of detail required to complete the examination of 
HDFK RI UHDGLQHVV OHYHOV ³RSHUDWRUV XVH 75/ « IRr tracking readiness of all 
equipment for installation. Every nut and bolt of every equipment is included in an 
([FHO VKHHW <RX FDQ LPDJLQH VXFK D VSUHDG VKHHW ZLOO EHFRPH YHU\ ODUJH´
(Olechowski et al., 2015). Hence, when creating (and using) the new maturity 
framework, a more healthy approach should be adopted as it is simply impossible to 
include all the existing aspects of a technology, and to measure each one of them. It 
ZRXOGEHYHU\WLPHFRQVXPLQJDQGLWZRXOG³SUHYHQWLWVVWUDLJKW-forward application 
WRDJLYHQGRPDLQZKHUHDZLGH UDQJHRI WHFKQRORJLHV DUHGHYHORSHGFRQFXUUHQWO\´
(Islam, 2010). Such framework should focus on the most important information (i.e. 
keep it simple), but at the same time make sure to gather accurate information.  
 
Integration of Technology into a System 
Understanding of a whole system plays an important role that seems to be 
XQGHUPLQHG )RU H[DPSOH ³75/V UHODWH WR LQGLYLGXDO WHFKQRORJLHV 7KH\ GR QRW
suggest that the individual technologies can be integrated and will work WRJHWKHU´
(Nuclear Decommissioning Authority, 2014). In addition, once technologies are 
LQWHJUDWHG WRJHWKHU WKHUH LV DQRWKHU LVVXH RI DJLQJ RI VLQJOH FRPSRQHQWV ³)RU
example, in the case of software which typically receives regular upgrades the 
standard NASA-derived TRL metrics would remain at a level of nine irrespective of 
any future upgrades, refinements or product modifications. This inability to reflect the 
product lifecycles and arguably the technology lifecycle is in stark contrast to the 
emerging SKLORVRSKLHVVXUURXQGLQJOLIHF\FOHPDQDJHPHQW´ (Hicks et al., 2009). That 
DOVROHDGVWR WKHXVHRID WHFKQRORJ\LQDµUHDOZRUOG¶³RIWHQUHDOZRUOGFRQWH[WDUH
QRWDOZD\VDSSUHFLDWHGXQWLO«WKHV\VWHPLVLQWURGXFHGDQGXVHG«WKLVFRXOGEH
thought RIDVDIDLOXUHLQV\VWHPXQGHUVWDQGLQJ´7HWOD\	-RKQ7KRVHDVSHFWV
should be considered if the aim is to have a matured and reliable technology. 
 
Impact of New Technology on Future Applications 
Furthermore, (Mankinsab, 2009) stated that at preseQW ³75/ GRHV QRW LQYROYH DQ\
assessment of the expected importance of a given technology advancement to the 
VXFFHVVRIDIXWXUHV\VWHPDSSOLFDWLRQ´7KHUHIRUHWKHUHLVDQRWKHUNQRZOHGJHJDSLQ
regards to TRL-based methods: the lack of information about the impact of a 
WHFKQRORJ\7HFKQRORJ\ZRXOGQRWRQO\LQIOXHQFHWKHV\VWHPWKDWLW¶VVXSSRVHGWREH
introduced into, but also the research centre. Due to successful (or unsuccessful) 
development of a technology, a research centre could experience positive or negative 
LPSDFW HVSHFLDOO\ ZKHQ FRQVLGHULQJ IXWXUH SURMHFWV +HQFH ³LW WXUQV RXW WKDW WKH
time to mature technology has important implications for the ultimate costs of 
GHYHORSPHQWDQGILHOGLQJRIWKHWHFKQRORJ\´,QRWKHUZRUGVWKHLQLWLDO75/VRINH\ 
SURJUDP WHFKQRORJLHVDIIHFWERWKSURJUDPFRVW DQGGXUDWLRQ´ 0DORQHHW DO
Therefore, by having clear strategy and transparent steps, it would be possible to work 
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out how long it should take for technology to be delivered, as well as how beneficial it 
would be, i.e. what would be its impact (local and/or national). 
 
Valley of Death 
9DOOH\RIGHDWKZDVGHVFULEHGDVD³GLIILFXOW\RIJHWWLQJQHZWHFKQRORJ\IURP75/
4 to 7; in this area the investment required is high, but the certainty of success remains 
ORZ´ +RXVH RI &RPPRQV  ZKLFK ZDV DOVR PHQWLRQHG ZKHQ FRQVLGHULQJ
MRLs. Figure 2 captures the concept of valley of death. In addition, if certain issues 
are not sorted by reaching TRL 4 (e.g. certain risks are neglected), technology is more 
likely to fail as the issues would only expand and affect other aspects of technology. 
Hence, the management of technology is very important and should be executed 
properly from the very early stages of a project. If a project is managed well (which is 
also connected to issues related to manufacturing technology management), it means 
that valley of death could be avoided; if it is not - a project would become 
unsuccessful and could bring negative impact to innovation providers.  
 
Figure 2: Technology Readiness Levels and Valley of Death, (Mayfield, 2014) 
 
Applicability and Practicality of TRL-based Frameworks  
)XUWKHUPRUH ³75/V DUH FRQWH[W VSHFLILF $ WHFKQRORJ\ WKDW LV PDWXUH LQ RQH
operating plant cannot be assumed to be as mature in a different one. Even those that 
DSSHDU WKH VDPH PLJKW KDYH VLJQLILFDQWO\ GLIIHUHQW RSHUDWLQJ FRQGLWLRQV´ 1XFOHDU
Decommissioning Authority, 2014). Hence, there is an issue of applicably of a new 
framework to seven HVM Catapult centres. Even though all HVM Catapults focus on 
manufacturing, each of the centres concentrates on different aspect of manufacturing 
research, e.g. automation, advanced tooling, manufacturing simulation, renewables or 
nuclear (HVM Catapult website, 2017). Therefore, the use of one framework might be 
questionable, as not all technology would be developed in the same way. Perhaps a 
framework that could offer different options, which would vary based on the profile 
and focus of each research centre, would be a preferable solution. That way a 
framework will be more applicable and could actually deliver more accurate results. 
And so, by having solid results it is easier to manage next stages of development and 
avoid any uncertainties.  
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Management of Manufacturing Technologies 
Finally, one of the aspect that certainly needs more research attention is the 
PDQDJHPHQW RI WHFKQRORJLHV LQ SDUWLFXODU ³OHVV DWWHQWLRQ LV SDLG WR PDQDJHPHQW RI
PDQXIDFWXULQJ WHFKQRORJLHV´ )HUQDQGH]  +HQFH PRUH UHVHDUFK VKRXOG EH
dedicated to that aspect due to the fact that a lot of elements of technology 
development process depend on the way technology is managed. And so, often, the 
failure or success of a research project would depend on the management of resources 
before and during development process. Thus, by having a well-defined structure that 
would help with technology management, a technology would have more chances to 
be developed successfully and to overcome valley of death, i.e. to be able to use in an 
operational deployment environment, and hence be able to commercialise it further 
DFFRUGLQJ WR FOLHQWV¶ UHTXLUHPHQWV  7KHUHIRUH E\ KDYLQJ D EHWWHU PDQDJHPHQW
framework, it will be possible to find balance between the practicality applicability of 
a technology. It means that it will also help with understanding of the purpose of a 
technology and its function, as well as risks related to its application. ³75/V DUH D
measure of technical risk where the proposed technology is being introduced into an 
operating plant at the present time. Care must be taken in interpretation if the 
technology is being developed for introduction at a future date. TRLs, by themselves, 
may not always relate clearly to risk, cost and schedule. For instance a technology at a 
ORZ 75/ FDQ PDWXUH PRUH TXLFNO\ WKDQ WKRVH DW KLJK 75/V´ 1XFOHDU
Decommissioning Authority, 2014). Hence, by not having accurate approach, 
subjectivity of findings (of TRL scale) could be one of the disadvantages that could 
lead to further miscommunication/misunderstanding. 
 
Subjectivity in assessing technology readiness  
Even though this aspect was not introduced in Table 2, it is important to have an 
objective tool that would deliver reliable outcomes. (Sauser, et al., 2006) mentioned 
WKDW ³75/ GRHV QRW DFFXUDWHO\ FDSWXUH WKH ULVN LQYROYHG LQ WKH DGRSWLQJ RI D
WHFKQRORJ\´LQWRDUHDORSHUDWLRQDOHQYLURQPHQW,WPLJKWEHGXHWRWKHIDFWWKDW³WKH
requirement for a readiness-based approach in manufacturing results from the need to 
EHVSHFLILF´:DUGHWDODQG75/VUHSUHVHQWDJHQHUDODSSURDFK+HQFH³GLUHFW
application oI75/VLQPDQXIDFWXULQJLVRSHQWRLQWHUSUHWDWLRQ´:DUGHWDO 
Also, (Cronford and Sarsfield, 2004) pointed out that TRLs are subjective when 
assessing maturity, due to absence of basic instructions for completing the 
assessment.  Hence, the risk of delivering inaccurate and incorrect findings is greater 
and may harm the development process (Azizian et al.  )XUWKHUPRUH ³WR EH
most effective, the overall R&D organization (and its customers) should seek to 
conduct more or less formal TRAs, employing the TRLs, and not just individual 
managers evaluating their own options. Within the US Department of Defence, such 
IRUPDO75$
VKDYHLQUHFHQW\HDUVEHFRPHSROLF\´0DQNLQVb, 2009).   
 
PROCESS OF GATHERING DATA  
Participants - Background 
  In the UK, there are seven High Value Manufacturing (HVM) research centres that 
collaborate with various industrial companies. Even though the nature of each 
research centre is different, together they create HVM Catapult. Therefore 
participants (from four research centres in the UK) who were interviewed were 
chosen based on their knowledge and experience with readiness measurement 
frameworks. The biggest number of participants came from Advanced Forming 
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Research Centre (AFRC) that collaborates with University of Strathclyde (Glasgow, 
6FRWODQG 6RPH SDUWLFLSDQWV FDPH IURP µQRQ-&DWDSXOW¶ FHQWUHV EXW WKRVH UHVHDUFK
centres are also connected to the manufacturing sector.  
The two manufacturing companies were chosen based on nature of their business, 
their involvement with development process, their reputation and fact that they are 
international manufacturers and have many opportunities to work with a variety of 
innovations. Most importantly, those two companies were chosen because they both 
use their own internal readiness measurement process. Due to the confidentiality 
agreement names of the companies, research centres (apart from AFRC) and the 
participants will not be mentioned. 
Data was collected between 23rd of June and 25th of July 2016. Interviews took place 
at AFRC or at University of Strathclyde. In total 12 participants took part in those 
interviews: three participants came from industry and nine came from research 
centres. Most of the data was collected during face-to-face interviews, however when 
that was difficult to arrange (due to the location of other research centres/companies) 
± telephone interviews were organised. Participants were interviewed by one person, 
and no third party was present when interviews took place. Data provided in next 
sections are anonymous. That is why quotes from various participants are included in 
next sections but they are not referenced. All the interviews were audio-recorded, and 
all participants signed consent form.  
 
Survey 
The interviews contained 30 fixed questions. All the questions were based on the 
findings from literature sources, i.e. if literature presented some knowledge gaps, 
questions were organised in a way to find out more about that specific aspect. Half of 
the questions were open-ended questions, while the other half contained closed 
questions with Likert-scales. Closed questions intended to provide one of the 
proposed answers, and so that would make analysis easier, and also it was simpler to 
compare answers amongst all participants. Each interview lasted between 45 and 60 
minutes (on average). 
The aim of the survey was to obtain knowledge in regards to work of research centres 
and how they currently manage their technology development processes. Questions 
also intended to assess the knowledge in regards to TRLs (or any other TRL-based 
scale), as well as to what extend participants are aware of valley of death.  
Another part of survey aimed to find out more about modern challenges of research 
centres and if a new framework can help to overcome some of those challenges. 
Finally, participants were asked about reasons why a technology management 
framework has not been implemented successfully before (to a research centre or to 
all HVM Catapults).  
By conducting those interviews, it was possible to gather data about four specific 
topics (i.e. valley of death, how technology development is managed right now, what 
are the challenges of modern research centres and what new framework can help 
with). By reviewing answers from industrial and research perspective it was possible 
to perform two separate analyses, and later on examine combined answer and 
compare them with the findings from the literature.   
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ANALYSIS 
Industrial Participants  
Company A and Company B are both well-established manufacturing companies. 
One representative from Company A occupies a senior engineering position, and two 
participants from Company B occupy senior managerial positions and worked as 
µPDQDJHUWUDLQHH¶7KHUHIRUHWKHH[SHULHQFHRIZRUNLQJZLWKUHDGLQHVVPHDVXUHPHQW
frameworks varied from 6 months to 11 years. Hence, having participants with a 
variety of experiences had an influence on the answers provided during interviews. 
All three industrial representatives agreed that readiness measurement process is 
HLWKHU µLPSRUWDQW¶  RU µYHU\ LPSRUWDQW¶  GXH WR WKH SRVVLELOLW\ RI
FRPSDULQJ ³YDULRXV SURMHFWV DFURVV D FRPPRQ VHW RI FULWHULD´ DQG WKH IDFW WKDW
IUDPHZRUN DOVR KHOSV WR PDNH VXUH ³WKDW WKH EXVLQHVV PDNHV WKH ULJKW VWUDWHJLF
GHFLVLRQV´ 
When asked if such framework would be useful at a research centre the opinions were 
GLYLGHGDQVZHUHGWKDWLWZRXOGEHµXVHIXO¶RUµYHU\XVHIXO¶DQGDQVZHUHGWKDW
LWZRXOGµGHSHQG¶$IUDPHZRUNZRXOGEHFRQVLGHUHGµXVHIXO¶EHFDXVHWKHUHLVDQHHG
IRU³DPRUHREMHFWLYHPHDVXUHRIKRZPDWXUHDFHQWUHLVLQDQDUHD«DQGLQVRPH
DUHDVLW¶VQRWDOZD\VREYLRXV´EXW³WKHUHLVVWLOOWKDWFRQFHUQDERXWWKH,3´ 
Then, industrial representatives were asked about what is the most difficult part when 
working with a framework.  The following issues were mentioned: 
x adjusting to customer's timescale (i.e. once a technology reached certain level, 
DFRPSDQ\VKDUHVWKHLUUHVXOWVZLWKDFXVWRPHUDQG³IDOOLQWRWKHLUWLPHVFDOH
« DQG \RX VXGGHQO\ KDYH DGGHG SUHVVXUH LQ WHUPV RI GHYHORSPHQW
VFKHGXOH´ 
x understanding where the newness of technology is/to know what the 
IUDPHZRUNVKRXOG IRFXVRQ LHQHHG WRDQVZHU WKHTXHVWLRQ³ZKHUHGR\RX
IRFXV WKDW IUDPHZRUN"´ PHDQLQJ ZKHUH DUH ³WKH DUHDV RI GLIILFXOW\ DQG
XQLTXHQHVV´" 
x getting through TRL 4 to 6 
 
Participants also talked about what advantages and disadvantages frameworks they 
know (or work with) bring, as well as helpfulness of a framework to all HVM 
Catapult centres. Answers were included in Table 3. 
 
Industrial participants were also asked about which challenges (faced by modern 
research centres) a framework could heOSZLWKHDFKDQVZHUUHFHLYHGHTXDOµVXSSRUW¶
i.e. 20%. The following challenges were mentioned: 
x developing their technologies while keeping an eye on what the disruptive 
technologies are coming out of the various markets 
x understanding customer requirements 
x demonstrating results/findings appropriately 
x understanding what are their areas of expertise 
x sustainability 
 
0RUHRYHU  RI SDUWLFLSDQWV DJUHHG WKDW WKH FRQFHSW RI µPDWXULW\¶ LV µvery 
LPSRUWDQW¶ and 33% said that the concept of µUHDGLQHVV¶LVµimportaQW¶ and 67% said 
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WKDW LW LV µYHU\ LPSRUWDQW¶ 7KH UHDVRQV ZK\ WKH\ FRQVLGHUHG µPDWXULW\¶ WR EH PRUH
significant are described in the next section. 
 
Table 3: Summary of key results ± Industrial RepresentDWLYHV¶3HUVSHFWLYH 
 
 
 
Research Centre Participants 
Nine participants were interviewed in total; six of them came from HVM Catapults. 
Even though, most of the participants had not had an experience of using readiness 
framework as a tool, participants were aware of various readiness frameworks (either 
from project management perspective or from their previous experience). However, 
when asked how long had they been working with readiness framework (directly or 
indirectly) the answers varied from about 18 months to 15 years. 
Firstly participants were asked if they considered a readiness measurement process an 
important process. The results are presented in Table 4. 
Table 4: Importance of Readiness Measurement Process ± Research Centre 
5HSUHVHQWDWLYHV¶3HUVSHFWLYH 
ANSWERS PERCENTAGE EXPLANATION 
Very Important 45% ³,W¶VDEVROXWHO\NH\WREHDEOHWRFDUU\RXWD
development of technologies in a structured 
IDVKLRQ´ 
³,WJLYHVDFRPPRQODQJXDJHVRWKDWDVORQJDV
the levels are well defined anyone can talk to 
anyone else about their product or their 
PDQXIDFWXULQJSRVLWLRQDQG5	'SURJUDPPH´ 
Quite Important 11% ³LWLVQRWRQO\DERXWWKHWHFhnology readiness 
OHYHOLW¶VDOVRµKRZVWURQJLVWKHEXVLQHVVFDVH
WKDWJRHVZLWKWKDW´ 
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Important 11% ³)RUPHLWGHSHQGVRQDFRQWH[WLWPLJKWPDNHQR
difference to established industrial customer who 
already knows how they develop their products. It 
might make a huge difference to someone like a 
µVWDUW-XS¶ZKRGRHVQRWKDYHWKDWLQSODFH´ 
Neither Important 
nor Not Important 
33% ³$ORWRIFRPSDQLHVFDQPDQDJHZLWKRXWWKH
LGHQWLILFDWLRQ´ 
³'HSHQGVRQWKHOHYHORIULVNWKHFRPSDQLHVDUH
taking on when managing technology 
GHYHORSPHQW´ 
 
Participants were also asked about advantages and disadvantages of readiness 
measurement framework. Next they were asked about the usefulness of such 
framework at research centre, and what spectrum (which levels) should new 
framework cover. Table 5 contains answers to those questions. 
 
Table 5: Summary of key results ± 5HVHDUFK&HQWUH5HSUHVHQWDWLYHV¶3HUVSHFWLYH 
 
Afterward, participants were asked about implementation of such framework: 45% 
said it would µQRWEHGLIILFXOW¶VDLGLWZRXOGEHµQHLWKHUGLIILFXOWQRUHDV\¶. 22% 
said that they could not answer the question. For those who answered µQHLWKHUGLIILFXOW
QRUHDV\¶they gave the following reason for giving that answer:  
x ³LWPD\QRWEHVRGLIILFXOWEXW LI LW¶VQRWWRRFRPSOH[,W¶VYHU\LPSRUWDQW WR
use the right language and to make it accessible. So it has to be very 
practically soundiQJ´ 
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x ³FKDQJHLVDOZD\VDFKDOOHQJH´ 
x ³LI WKH IUDPHZRUNZHUH OLJKW WRXFKDQGHDV\DQGTXLFN WRXVH ± it would be 
very easy; LILWLVDYHU\GHWDLOHGORQJDVVHVVPHQWLWZRXOGEHYHU\GLIILFXOW´ 
 
Next, participants were asked why such framework has not been implemented 
successfully before. Table 6 presents the summary of the answers. The two most 
PHQWLRQHG UHDVRQV ZHUH ³no need for a framework that combines technical and 
business aspect´DQGWKDW³the benefits and the purpose of previous frameworks were 
QRW VKRZQ´. Therefore, when creating a new framework, its transparency and 
outcome have to be clearly shown in order to make sure that the framework would be 
used again. Also, that answers gives some insight into what features future framework 
should contain or not. 
As mentioned before, not all of the participants use TRL-based frameworks (or 
original TRL scale) in their daily tasks. However, the answers provided suggest that 
even though participants, who do not use those frameworks, are aware of their 
existence and benefits. It means that the process of implementation could be easier as 
some people already understand what TRLs are.  
 
Table 6: Reasons why previous frameworks failed implementation stage ± Innovation 
3URYLGHUV¶3HUVSHFWLYH 
ANSEWRS PERCENTAGE 
No need to implement framework that gives business and technical 
element 
38 % 
Previously proposed frameworks struggled to show purpose and benefits 38% 
Customers usually define what method/framework research centre will 
use 
12% 
There is not enough knowledge/training in regards to technology 
management tools 
12% 
 
Participants were also asked about challenges a modern research centre struggle with; 
the answers were listed below in Table 7. 
 
Table 7: Modern Challenges ± ,QQRYDWLRQ3URYLGHUV¶3HUVSHFWLYH 
ANSWERS PERCENTAGE 
Funding 25% 
Common language and Interpretation 15% 
Tracking capability development process/strategy 10% 
Identifying the right times of innovations support that you can provide 10% 
Combining research activity with commercial activity 10% 
Not enough time and structure to deliver high quality research projects 10% 
Showing impact of projects 5% 
Engagement of SME community 5% 
Valley of death 5% 
Balancing tension between major changes and minor ones 5% 
 
$QRWKHUTXHVWLRQZDVµ'R\RX WKLnk a new framework could help with some of the 
FKDOOHQJHV¶VDLGµ\HV¶, 25% said µQR¶ and 13% did not have an opinion.  
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Then participants were asked if it would be helpful if the framework was applied to 
all HVM Catapult centres. The answers are shown in Table 8 below.  
 
Table 8: Would it be helpful if a framework was applied to all HVMC centres - 
,QQRYDWLRQ3URYLGHUV¶3HUVSHFWLYH 
ANSWERS  PERCENTAGE 
µYHU\KHOSIXO¶RUµKHOSIXO¶EHFDXVH³ZLWKLQWKH8.ZHFRXOGKDYHD
consistent approach to TRL framework within the Catapult centres, and 
this will make it easier for interceptor discussions regarding some 
FOLHQWV´³WKLQNLWZRXOGKHOSZLWKstandardization´ 
45% 
µXQKHOSIXO¶³+90FDWDSXOWLVGLIIHUHQWFHQWUHV:HKDYHGLIIHUHQWYLHZV
on technology developPHQWKRZWKDW¶VGRQHDQGZKDW¶VEHLQJGRQHDWLW
So to impose a single framework, it might actually make the exercise 
PRUHGLIILFXOWWKDQLW¶VZRUWK´ 
33% 
³deSHQGLQJRQWKHZD\\RXDSSO\LW´ 11% 
N/A 11% 
 
Next participants were asked why HVM had not developed a common framework yet.  
Majority answered that it is due to the fact that when meeting clients, original TRL 
scale is used when discussing development process of a technology.  The summary of 
the answers is presented in Table 9.  
 
Table 9: Why HVM Catapults have not developed a common framework yet - 
,QQRYDWLRQ3URYLGHUV¶3HUVSHFWLYH 
ANSEWRS PERCENTAGE 
Use of TRL 50 % 
Independent Catapult Auditor  17% 
Difficulty to standardised all different approaches  17% 
Evolution of each centre 16% 
 
Finally participants were asked about the importance of µPDWXULW\¶ and µUHDGLQHVV¶. 
Findings are presented in Table 10 and 11 below.   
 
Table 10: Importance of Maturity - ,QQRYDWLRQ3URYLGHUV¶3HUVSHFWLYH 
 
17 
 
Table 11: Importance of Readiness - ,QQRYDWLRQ3URYLGHUV¶3HUVSHFWLYH 
 
2QWKHRWKHUKDQGZKHQUHVHDUFKFHQWUHUHSUHVHQWDWLYHVZHUHDVNHGDERXWµreadiness¶
67% said it is µYHU\ LPSRUWDQW¶ and 33 VDLG µLPSRUWDQW¶ Therefore, there was no 
KHVLWDWLRQZKHQGLVFXVVLQJ LPSRUWDQFHRI µUHDGLQHVV¶, however there was still some 
GRXEWDERXWµPDWXULW\¶. 
 
RESULTS  
  This section aims to highlight key findings or observations derived from the 
Analysis part. PUHYLRXV VHFWLRQ KLJKOLJKWHG ILQGLQJV EDVHG RQ WKH SDUWLFLSDQWV¶
workplace (either industrial company or research centre). This section presents 
combined answers from all twelve participants. The purpose of this section is to show 
evidence that there is in fact a need for a new framework that could be used for 
managing technology development process at research centres in the manufacturing 
sector. Moreover, by discussing with participants benefits of already existing 
frameworks, it was also easier to detect which features of current frameworks could 
be kept and which should be avoided.   
In order to clearly show collected evidence, this section was divided into the 
following sub-sections:  
x Difference between technology maturity and technology readiness 
x Deliverables of existing frameworks help to achieve 
x Obstacles that affected successful implementation of previous readiness 
frameworks at research centres 
x Modern challenges of research centres in the manufacturing sector 
x Features of a new maturity framework 
 
This section also investigates why industrial frameworks have not been successfully 
implemented in research environment and collects evidence to show that there is a 
need for a new framework for research centres in the manufacturing sector.  
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Difference between readiness and maturity 
7KH FRPSDULVRQ EHWZHHQ µPDWXULW\¶ DQG µUHDGLQHVV¶ ZDV DOUHDG\ GHVFULEHG E\
literature). However, it was also important to investigate how participants understand 
those two concepts, if they consider those two as totally different aspects or not. And 
VRSDUWLFLSDQWVZHUHDVNHGWRGHVFULEHFRQFHSWRIµPDWXULW\¶DQGµUHDGLQHVV¶LQWKHLU
RZQZRUGV7DEOHLQFOXGHVGHVFULSWLRQRIµPDWXULW\¶DQGµUHDGLQHVV¶E\LQGXVWULDO
and research centre participants. 
 
Table 12: Definitions of Maturity and Readiness 
MATURITY READINESS 
³,W¶VDSUR[LPLW\WRWKHPDUNHW´ 
 
 ³,W¶V D FRPELQDWLRQ RI IDFWRUV ZKLFK DOORZ
to take the next significant step in 
GHYHORSPHQW´ 
³(nsuring that you have the robust 
methodology for developing the technology 
or the process and validating it to be 
DSSURSULDWHOHYHODWHDFKVWDJH´ 
³,WLVDFRPELQDWLRQRIDELOLW\FDSDELOLW\DQG
drive of an organisation IRU FKDQJH LW¶V
VRPHWKLQJZLGHUWKHQPDWXULW\´ 
³7KH WHFKQRORJ\ LV PDWXUH ZKHQ LW¶V YHU\
SURYHGRXW´ 
³5eadiness is much more business view side 
RIWKLQJV´ 
³+ow well is the technology behind it, 
ZKDW¶VWKHWHFKQLFDOXQGHUVWDQGLQJRIWKH
SURMHFWLIZHGR;ZRXOGZHJHW<"´ 
³5eadiness is all about how proven, how can 
you measure the technology against your 
PDWXULW\´ 
³0DWXULW\IRUPHZRXOGEHWKHUREXVWQHVV´ ³,W¶VWKHDELOLW\RIWKHWHFKQRORJ\DQGWKH
confidence that you have in that technology 
WRSHUIRUPDV\RXH[SHFW´ 
³,t is how proficient and how expert a 
group, or a centre or a product or a project 
team or a business are in being able to 
GHOLYHUVRPHWKLQJ´ 
³,W¶VFRPSDQ\¶VDELOLW\WRSXWLQWR practise 
the outcomes of a research project or to use 
the technology, and its importance for us has 
WREHEDVHGRQPDNLQJVXUHWKDWZHGRQ¶W
GHOLYHUWKHSURMHFWVWKDWWKH\FDQ¶WDSSO\´ 
 
Participants were also asked why those two concepts are important. Table 13 
compares the reasons that were given when participants were asked why both ± 
µPDWXULW\¶DQGµUHDGLQHVV¶ZHUHLPSRUWDQW 
 
Table 13: Maturity and Readiness ± Why are they important? 
MATURITY READINESS 
³,t is about a level of risk, so if you are 
describing the mature technology to a 
company that has never used it before, then 
that would indicate to them a reduction in 
the level of risk of adoption because it has 
been proven out´ 
³:hen you take that next step you have to be 
absolutely aware of where you are, so that 
you do not either under-estimating what 
\RX¶UH GRLQJ LQ \RXU QH[W VWHS RU \RX RYHU-
estimating and over-VWUHWFKLQJ\RXUVHOI´ 
³0oving from one level to the next, it needs 
to be in terms of meeting certain criteria, so 
that is possibly the hardest part of the 
SURFHVV´ 
 ³<ou need to match the ability, the 
capability and drive of a company to the 
activity of innovation, R&D and 
LPSOHPHQWDWLRQ´ 
³7he concept of maturity underpins all sorts 
RIWKDWGLVFXVVLRQV´ 
³,t is really important to have that company 
readiness quite well marked against the kind 
of project that you be implementing to, and 
SURYHWKHRSSRUWXQLW\IRUVXFFHVV´ 
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³,WUHTXLUHVFOHDUVHWRIFULWHULD´ ³,f no one is able to implement a project then 
SURMHFWZLOOKDYHQRYDOXH´ 
³,t is how proficient and how expert a 
group, or a centre or a product or a project 
team or a business are in being able to 
GHOLYHUVRPHWKLQJ´ 
³5HDGLQHVVLVPRUHVXEMHFWLYHEHFDXVHLW
depends RQWKHUHVHDUFKFHQWUH´ 
 
It was also LQWHUHVWLQJWRQRWLFHWKDWLQGXVWU\UHSUHVHQWDWLYHVDOOFRQVLGHUHGµPDWXULW\¶
WR EH µYHU\ LPSRUWDQW¶ ZKLOH ZLWK µUHDGLQHVV¶ QRW HYHU\RQH VDLG LW ZDV µYHU\
LPSRUWDQW¶ )RU D UHVHDUFK FHQWUH PDMRULW\ RI SDUWLFLSDQWV 7%) answered that 
µUHDGLQHVV¶ LV µYHU\ LPSRUWDQW¶ DQG RQO\  DQVZHUHG WKDW µPDWXULW\¶ LV µYHU\
LPSRUWDQW¶:KDW LVPRUHQRWDOOSDUWLFLSDQWVZKRDQVZHUHG WKDW µPDWXULW\¶ LV µYHU\
LPSRUWDQW¶DOVRVDLGWKHVDPHDERXWWKHFRQFHSWRIµUHDGLQHVV¶LHZho said that 
µPDWXULW\¶ LV µYHU\ LPSRUWDQW¶GLGQRW VD\ WKDW µUHDGLQHVV¶ LV µYHU\ LPSRUWDQW¶7KH\
GHVFULEH LPSRUWDQFHRI µPDWXULW\¶ DV ³SDUDPRXQW LQ HYHU\WKLQJ WKDWZHGR´DQG WKH
LPSRUWDQFHRIµUHDGLQHVV¶DV³WKHVHTXHQFHRIDQGWLPLQJRIZKHQZHDUHJRLng to use 
VRPHWKLQJ´DQGDVDVRPHZKDWWRROWKDW³HQDEOHV\RXWRXQGHUVWDQGZKHUH\RXDUHLQ
WKH VSHFWUXP DQG ZKDW WKH QH[W VWHS LV JRLQJ WR EH´ +HQFH QRW HYHU\RQH ZKR
FRQVLGHUHG µPDWXULW\¶ DV µYHU\ LPSRUWDQW¶ WKRXJKW WKH VDPH RI µUHDGLQHVV¶ What is 
morHLWFRXOGEHDVVXPHGWKDWµPDWXULW\¶LVDQLQWHUQDOSDUWRIµUHDGLQHVV¶DQGLWWDNHV
SODFHEHIRUHWHFKQRORJ\LVµUHDG\¶ 
0RUHRYHU SDUWLFLSDQWV ZKR DQVZHUHG µGHSHQGV¶ WR LPSRUWDQFH RI µPDWXULW\¶
H[SODLQHGLWE\VD\LQJWKDW³EDVHGRQZKDWWKH\QHHG- it was the right thing at the right 
time - DFWXDOPDWXULW\RI WKH WHFKQRORJ\PLJKWEH DPRUHPDWXUH WKLQJ EXW LW¶VQRW
necessarily a high-WHFK VROXWLRQ´ +HQFH LW GHSHQGV KRZ DSSOLFDEOH WHFKQRORJ\
actually is, or what is the potential to implement such technology. Therefore, 
µPDWXULW\¶FRXOGEHFRQVLGHUHGDVDTXDOLW\RU LPSDFW WKDW WHFKQRORJ\JLYHV ZKLFK
involves its applicability or potential to be implemented in the future) or performance 
that is obtained by it. Also, it could be connected to level of risk associated with a 
certain maturity stage, which could be considered as more valuable to a client. Thus, 
LWPLJKWEHFRQVLGHUHG WKDW µPDWXULW\¶DVSHFW LVPXFKPRUH LPSRUWDQW IRUD UHVHDUFK
FHQWUH WKDQ µUHDGLQHVV¶ HVSHFLDOO\ FRQVLGHULQJ WKH IDFW WKDW D research centre works 
with a multiple industrial partners and it could be more important for it to develop a 
mature technology that could be customised later on (at commercial stage) by 
individual industrial partners. Consequently, it might be possible that a framework 
that a research centre needs is the one that would measure maturity of a technology, 
instead of the readiness. 
 
Deliverables of existing frameworks 
According to respondents, already existing frameworks help greatly with: 
x structuring  the developemnt of a product of process across the whole lifecylce 
x GHWHUPLQLQLQJZKDWNLQGRILPSRUYHPHQWWHFKQRORJ\µQHHGV¶DWWKHPRPHQW 
x justyfing what type of resources/materials would be needed 
x providing  a common language with a customer 
 
Those are just some of the discussed benefits; however those seemed to be the most 
important ones in regards to overcoming valley of death. Therefore, TRL-based 
frameworks help with major strategic actions during development process of a 
technology amongst various requirements. Even though, those benefits have been 
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acknowledged by all participants, there are still certain reasons why readiness 
frameworks have not been successfully implemented in research centres.   
 
Obstacles toward the implementation of readiness framework  
Despite the fact that various benefits of current readiness framework were indicated 
E\SDUWLFLSDQWVLWLVXVHIXOWRNQRZµZK\UHDGLQHVVPHDVXUHPHQWSURFHVVKDVQRWEHHQ
LPSOHPHQWHGVXFFHVVIXOO\EHIRUHDW D UHVHDUFKFHQWUH"¶7DEOHVKRZV WKHDQVZHUV
given by all participants. 
 
Table 14: Obstacles that prevented successful implementation of a readiness 
framework at a research centre  
 
ANSWERS PERCENTAGE 
Struggled to show purpose and benefits of it 34% 
No need to implement framework that gives business and technical 
element 
33% 
Unwillingness from technical team to change 11% 
Not enough knowledge/training in regards to those processes 11% 
Customers define what research centre will use 11% 
 
The first two answers (i.e. µstruggled to show purpose and benHILWVRILW¶DQGµQRQHHG
WRLPSOHPHQWIUDPHZRUNWKDWJLYHVEXVLQHVVDQGWHFKQLFDOHOHPHQW¶ZHUHSDUDPHWHUV
that should be considered when building a new framework. Actually those aspects are 
connected with each other, and so the purpose of future framework should clearly 
show what parameters would be measured and what will be the outcome of the new 
framework. That is also connected to transparency of the new framework and the 
function that it would have. Transparency is in fact another issue that was mentioned 
by literature (Mankinsa, 2009), and so it is important to implement that aspect within 
new framework. 
 
+RZHYHUWKHODVWWKUHHDQVZHUVLHµ8QZLOOLQJQHVVIURPWHFKQLFDOWHDPWRFKDQJH¶
µ1RW HQRXJK NQRZOHGJHWUDLQLQJ LQ UHJDUGV WR WKRVH SURFHVVHV¶ µ&XVWRPHUV GHILQH
ZKDWUHVHDUFKFHQWUHZLOOXVH¶PHQWLRQHGIDFWRUVWKDWZRXOGLQIOXHQFHWKHXVHRIQHZ
framework, but there are not connected to the design- aspect of a framework. Those 
are factors that could only be influenced by involvement of senior management team 
and, perhaps, organisation changes, as well as knowledge exchange workshops (in 
order to introduce new framework to researchers) (Cameron et al., 2015). 
 
1HYHUWKHOHVVWKHODVWDQVZHULQ7DEOHLHµFXVWRPHUVGHILQHZKDWUHVHDUFKFHQWUH 
ZLOO XVH¶ ZRXOG QRW EH DQ LVVXH ZKHQ FRQVLGHULQJ FROODERUDWLRQ ZLWK 60(V DQGRU
other research centres, or even when working on internal projects. As discussed 
before, most of research centres do not use any technology management framework 
(most of them try to use road-mapping approach (based on the answers from 
interviews), and SMEs are usually not capable to produce their own technology 
management framework (based on the answers from interviews). 
 
Moreover, by having broader spectrum (i.e. covering stages from innovation level all 
the way through to commercial level), an impact on larger scale could be aligned, and 
it could definitely be a benefit when working on projects with SMEs. Therefore, by 
having a framework that shows an impact of technology, it would help with strategy 
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and it could attract new clients to a research centre. In addition, a broader spectrum 
FRXOGKHOSZLWKµVHHLQJWKHELJJHUSLFWXUH¶DQGPDNLQJVXUHWKDW WKHLPSRUWDQWVWHSV
are taken. 
 
Modern challenges of research centres in the manufacturing sector 
Furthermore, challenges of modern research centres were also discussed with 
SDUWLFLSDQWV $ FRQQHFWLRQ EHWZHHQ µZKDW LV ODFNLQJ¶ DQG µZKDW FRXOG D QHZ
IUDPHZRUNKHOSZLWK¶ZLOO WKHQEHDOVRPDGHWR MXVWLI\WKHFRQFHSWXDOGHVLJQRI WKH
framework. In relation to challenges, there is also a question of new framework 
helping with a general work of a research centre, or should a new framework only 
help with challenges that are linked to technology development process. Table 15 
summarizes challenges discussed by all the participants, as well as those ones that 
were also mentioned in the literature.  
 
Table 15: Challenges of modern research centre ± Combined Answers  
 
 
Based on the challenges provided in Table 15, and also considering opinions of 
experts, it was decided that a conceptual framework that would measure maturity of 
capability of a research centre would bring more benefits than a framework that 
measures only maturity of technology. That kind of framework that includes maturity 
as an input would also help to deal with challenges that modern innovation providers 
face nowadays (e.g. understanding the area of expertise).  
 
Capability of a research centre will only be calculated if technology maturity is 
included in it. And as maturity is more important to research centres than readiness, it 
seems like a logical step create a new framework that uses maturity as one of the 
inputs. Measuring capability of a research centre will involve aspects like skilled 
staff, equipment, materials etc. All those aspects could be represented or modified (by 
using mathematical model) into maturity level. And so, it would indicate which 
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aspects are not reaching their maturity, and why their capability is low (as qualitative 
inputs could be changed into numerical level of maturity and then calculated into a 
weighted outcome which would be a capability of each individual input). That would 
also determine what the overall performance of a research centre is and how 
individual capabilities influence performance development.  
 
Figure 3 illustrates the general concept of the conceptual framework. Each column is 
divided into three rows. Also, each column represents different stage of a conceptual 
framework. First row represents a stage of each activity. Second row indicates 
questions that could be asked (at that particular stage) in order to understand what that 
stage will help with. Third row shows what tasks or information are involved within 
that stage.  
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Figure 3: Conceptual Framework - Concept Development
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Features of a new conceptual framework 
7KURQJDWH¶V SRVWXODWH VWDWHG WKDW ³LW LV LPSRVVLEOH IRU D WKHRU\ « WR EH
simultaneously general, accurate and simple and as a result organizational theorists 
inevitably have to make trade-RIIVLQWKHLUWKHRU\GHYHORSPHQW´/XQGEHUJ	<RXQJ
2005). Furthermore, as described in previous sections, many industrial frameworks 
are in fact accurate (very specific and detailed) but are also general in their approach. 
In addition, none of those frameworks have been implemented in research centre and 
XVHG DV µUHVHDUFK FHQWUH¶V IUDPHZRUN¶ RU XVHG DV D EDVLV IRU QHZ IUDPHZRUN IRU
innovation providers. Therefore, another general and accurate framework would not 
be useful for a research centre. However, a simple and accurate framework could 
bring some benefits, as increased competitiveness and productivity, if it is 
implemented properly. By having a simple framework, there would be more likely to 
create a framework that is also user-friendly and easy to work with. Another 
µRYHUZKHOPLQJ¶DSSURDFKFRXOGRQO\DGGWLPHDQGHIIRUWWRHYHU\-day tasks, which is 
something that should be avoided.  
Most importantly, the outcome of the framework should indicate how mature a 
capability of a research centre is.  Based on the opinions of participants, maturity 
seems to be more important in regards to technology development/management and it 
could have bigger impact. Also, maturity of different inputs (skills, equipment, etc.) 
would influence the performance of a research centre.  
Furthermore, the success of a framework would depend on various factors, most 
important ones being  
x ³8WLOLW\ZLOOLWGRZKDWLVQHHGHGIXQFWLRQDOO\" 
x Usability: will the users actually work it successfully? 
x LikaELOLW\ZLOOWKHXVHUVIHHOLWLVVXLWDEOH"´6KDFNHO 
x Flexibility: is framework flexible enough to use different types of 
information? 
x Applicability: is it possible to apply framework at seven research centres? 
x Precision: how precise is the outcome provided by the framework? 
 
Hence, those aspects would be evaluated when framework is applied by innovation 
providers. Case studies will be used at AFRC (and later on at other HVM Catapults) 
in order to evaluate the missing features and also to verify the reliability of the 
conceptual framework. Afterwards necessary changes will be applied and the 
framework would be implemented again. Such process would be repeated till accurate 
and reliable results are provided.  The framework development process is presented in 
Figure 4 below.  
 
 
Figure 4: Development Process of the Conceptual Capability Framework 
 
25 
 
Therefore, future work will be based on another set of interview with representatives 
of each of the HVM Catapults. Interviews were already arranged and they took place 
between 15th and 27th of February 2017. New survey containing 51 questions was 
used; hence a structured interviews approach was applied. Also, survey was divided 
into five sections: 
x Section 0: Introduction 
x Section 1: Valley of Death 
x Section 2: Success Factors  
x 6HFWLRQ7HFKQRORJ\'HYHORSPHQW,VVXHVDQG5HVHDUFK&HQWUHV¶&DSDELOLW\ 
x Section 4: Road-mapping Process 
 
On average, each interview lasted between 60 and 90 minutes (on average). New 
survey contained more questions as it was more detailed and its purpose was to 
determine what aspects/factors are responsible for delivering successful projects at a 
research centre, and if those factors could be included in the new conceptual 
framework. By asking more specific questions it will be possible to  
x analyse inputs (i.e. what aspects should be measured by a new framework),  
x what new framework should do (i.e. what should be the function of new 
framework),  
x what the output should be (i.e. deliverables of the framework) 
x what would be the impact of the outcome delivered by the framework (i.e. 
why it is important to have that outcome).  
 
By answering those questions, it will be possible to design a conceptual maturity 
framework, and afterwards consider test trials at one of the research centres.  
 
DISCUSSION 
  The aim of this paper was to examine why TRL-based frameworks have not been 
applied successfully at research centres before, even though they are used constantly 
in various manufacturing industries. It was found that industrial frameworks are in 
general too detailed, as well as context specific for a particular technology or the 
nature of business. Because of the complexity of those frameworks, they are not 
applicable elsewhere. They have been created only to successfully complete 
management of various technologies but in a specific set of criteria relevant to a 
particular company. Hence, those frameworks are very context specific, and so 
objectives (also financial ones) could be considered as factors that drive those 
industrial projects.  On the other hand, innovation providers have different set of 
factors that drive research project forward. But, it is also significant for research 
centres to deliver successfully developed technologies to their clients. And, just like 
different companies, every research project would take into consideration different 
success factor that vary depending on the nature of the project. At the same time, a 
technology must reach a high quality level, if it is going to be applied further. Thus, 
technology maturity could be one of the success factors that actually drive the 
performance of innovation providers and helps to overcome valley of death. 
Especially those projects that innovation providers work on have to present high level 
of maturity. Hence, maturity level should be included when evaluating capability of a 
research centre. However, if such framework will be applied, there will be other 
challenges that need to be considered:  
x if the framework is too complicated, people will not use it, 
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x input parameters have to be carefully considered and measured appropriately,  
x a mathematical model needs to be adapted well enough so people do not abuse 
the framework to show higher capability, 
x target setting have to be performed carefully so it encourages productivity and 
increases effectiveness of innovation providers.  
 
Furthermore, there is also an issue if it would be possible to create a framework 
applicable to all HVM Catapult centres in the UK. On one hand, there could be issues 
concerning development of such framework. Just like in the industry sector, each 
industrial framework is created for specific company, i.e. it (a framework) 
concentrates around the nature of business and organization of a particular company. 
But, each company also manages a great number of various technologies that go 
through their own TRL-based framework. Thus, a framework with certain 
fundamental features could be created, and depending on the nature of research centre 
adjustments could be applied. If each centre would use a framework, which was 
created considering common aspects, a certain standardisation of research centres 
would take place. And so, it would be possible to compare capability of each HVM 
Catapults based on the maturity level they achieved. 
In addition, companies (also SMEs) that want to collaborate with HVM Catapults 
could easily decide which of the Catapults would be the best partner for a certain type 
RI SURMHFW 0RUHRYHU LW ZRXOG KHOS WR REVHUYH ZKLFK UHVHDUFK FHQWUH µVWUXJJOHV¶ DW
certain processes and what could be done to improve it, and to increase its 
competitiveness. Therefore, an explanation for future funding could be justified.  
This paper also highlighted the importance of research centres in manufacturing 
sector in the UK, but also showed what kind of challenges those innovation centres 
struggle with. The most repeated ones were the problem with managing technologies, 
LH RYHUFRPLQJ YDOOH\ RI GHDWK  ³EULGJLQJ UHVHDUFK DQG WHFKQRORJ\
commercialisation and de-ULVNLQJ WKLV SURFHVV´ +RXVH RI &RPPRQV  ,Q
addition, it was shRZHG WKDW WKHUH LV LQ IDFW ³WKH QHHG IRU WHFKQRORJ\ PDQDJHPHQW
FOMs that concern the riskiness of a new technology development. There is a real 
need for practices and metrics that allow assessment of anticipated research and 
GHYHORSPHQW XQFHUWDLQW\´ 0DNQLnsb, 2009). Therefore, Table 16 summarises key 
results obtained during this research project.  
 
Table 16: Summary of Key Findings 
KEY FINDINGS 
Industrial frameworks are in general too detailed and complex to use at research centres 
Maturity has bigger value to research centres than readiness 
New framework has to focus on practicality and future applicability of a technology 
New framework should contain optional features that will be used depending on the nature of 
technology developed by research centre 
A framework will provide standardisation basis for all HVM Catapults and their capabilities 
A framework will show which research centre is better at certain processes and which one 
need improvement (i.e. justification for future funding) 
New framework will help with management of technology and assessment of potential 
uncertainties 
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Furthermore by considering answers from interviews, basic features of conceptual 
framework and expected benefits that it will provide were indicated in Table 17.  
 
Table 17: Features of Conceptual Framework and Expected Benefits  
FEATURES BENEFITS 
Standardised terminology x Gives a common language not only in one research 
centre but across HVM Catapults  
x All aspects are described in the same way hence it 
is easier to understand results when discussing 
them with clients or when applying for funding  
x Prevents any miscommunication  
Use of weighted capability & other 
mathematical approaches 
x Gives objective results  
x Presents output as a number hence easy to 
understand what is the capability of a research 
centre  
x Indicates how research centre is improving on a 
year to year basis  
x All HVM Catapults are evaluated in the same way  
x Possible to map the outcome on the TRL/MRL 
scale 
Access to necessary documents x Indication of what else needs to be added/what 
evidence are still missing  
&DOFXODWLQJ³NQRZQ´WR
³XQNQRZQ´UDWLR 
x Identification of what the uncertainties are and how 
it influences the project 
Possible to obtain  individual 
capabilities  
x )RFXVLVQRWRQO\RQµQHJDWLYHDVSHFWVRIDSURMHFWV¶
(like in the case of TRLs or MRLs) but also on 
µSRVLWLYHDVSHFWV¶LHKLJKFDSDELOLWLHV 
x Provides reason why a project is managed by using 
certain approach 
Inputs can be modified x Possibility to calculate new capability once 
evidence is provided that modifications have been 
made 
Uses logical approach by allowing 
to see what happens with inputs 
and capabilities are calculated  
x Easy learn it and to make it intuitive  
x Does not require many steps  
x Easy to repeat 
Includes financial aspects x Helps to justify necessary funding  
x Assists with discussing investments with partners   
 
CONCLUSIONS 
  Readiness measurement methods have been used in industry sector for a long time. 
$V +LFNV HW DO  DFFXUDWHO\ QRWLFHG ³LQ WRGD\¶V KLJKO\ FRPSHWLWLYH PDUkets, 
where products are driven by rapidly advancing technologies and ever-increasing 
expectations of the customer, robust methods for identifying new technologies and 
assessing their suitability and readiness within the context of product development are 
HVVHQWLDO´7KHSXUSRVHRIWKLVSDSHUZDVWRH[DPLQHWKHEHQHILWVDQGGLVDGYDQWDJHVRI
existing TRL-based frameworks, as well as to investigate why those frameworks have 
not been successfully applied to research centres in the manufacturing sector in the 
UK. By reviewing literature sources ((Altunok & Cakmak, 2010), (Olechowski et al., 
2015), (Mankinsab, 2009), etc.) and discussing issue with participants whose 
experience (of working with TRL-based frameworks) have varied, it was possible to 
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understand why industrial approaches could not be implemented in research centres. 
Furthermore, interviews also delivered information about what modern research 
centres struggle with the most, and what a new conceptual framework could help 
with, in order to increase reseDUFK FHQWUH¶V SURGXFWLYLW\ ,QWHUYLHZV DOVR SURYLGHG
reasons to justify why a new framework should focus on maturity instead of 
readiness, and what is the difference between readiness and maturity. The features and 
structure, as well as format, of a new framework still have to be carefully considered 
in order to create a framework that is practical, precise and applicable, but also 
delivers level of capability as an outcome. Thus, next stage of research would focus 
on conceptual design of such a tool for innovation providers in the manufacturing 
sector. The main goal of the conceptual maturity framework would be to allow 
research centre to enter Industry 4.0 and help them to overcome some of the modern 
HQJLQHHULQJ LVVXHV HJ µYDOOH\ RI GHDWK¶ EXW DOVR GLJLtalisation of manufacturing 
processes. However, it should be mentioned that findings of this research are limited 
to availability of participants, i.e. depending if research centres representatives can 
take part in the interviews. Findings also depend on the total number of participants, 
but also how much time they could dedicate to discuss this research gap. Outcomes of 
this research would also depend on the experience of the participants. Furthermore, 
once the technical aspects of framework are outlined, the test trials will have to take 
place to verify new framework. Hence, the willingness of research centres to test new 
framework would be a key aspect in this research. 
To summarize, the key findings presented in this paper were: 
x The concept of technology maturity is more important to innovation providers 
than the concept of technology readiness 
x Maturity will be one of the inputs measured by the new framework 
x There is a need for a new framework that would measure capability of a 
research centre, and so highlight its area of expertise but also areas that need 
improvement 
 
Hence, there seems to be a need for a framework that could help with managing 
technology development process, challenges related to that process and also some 
other challenges that innovation providers experience nowadays. Therefore, there is a 
real potential in regards to managing innovation and technology development through 
new framework that focus on maturity and capability of a research centre. 
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